Medial temporal lobe (MTL) structures may constitute a representational hierarchy, rather than a dedicated system for memory. Barense et al. (2012) show that intact memory for object features can interfere with perception of complex objects in individuals with MTL amnesia.
How our brains learn and remember, and the way in which specific brain structures are involved in memory, are fundamental questions in neuroscience. The key role of cortical regions within the medial temporal lobes (MTL), including the hippocampus and perirhinal cortex, is undisputed. However, the mechanism by which they function is the subject of debate. The ''memory system'' view theorizes that MTL structures form a dedicated neural system ''for the formation of memory and for the maintenance of memory for a period of time after learning'' (Squire and Wixted, 2011) , with perceptual processes occurring outside of the MTL. The ''representational-hierarchical'' view places the perirhinal cortex at the apex of the ventral visual stream, such that it represents complex object representations that allow resolution of a high number of overlapping features (Murray et al., 2007) . In the absence of the perirhinal cortex, the accumulation over time of interfering information at earlier levels of processing disrupts object recognition memory (Cowell et al., 2006; McTighe et al., 2010) . Even without memory demands, this view predicts impairments in object perception when feature ambiguity is high. Thus, deficits following MTL damage depend on the visual properties of the stimuli, not whether the task taxes a ''memory system'' or a ''perceptual system.'' A considerable amount of active research is focused on distinguishing which of these points of view represents a more accurate account of MTL function (reviewed recently by Baxter, 2009; Suzuki, 2009) . This is far from a purely academic question: understanding the nature of information processing in the MTL and, by extension, the cause of memory impairments in individuals with amnesia has profound implications for therapy and treatment. Recent experiments from Barense and colleagues reported in this issue of Neuron (Barense et al., 2012) provide dramatic new insight into this debate. These authors used a samedifferent judgment task to test perception in humans, varying the nature of the trialunique stimuli to be discriminated. High and low ambiguity objects were designed to have three distinct features (outer shape, inner shape, and fill pattern) and differed in only one of these features (high ambiguity) or all three (low ambiguity). Difficult and easy size discriminations were included to equate task difficulty with the object discriminations, but relied on judgments of a single feature (see Figure 2 of Barense et al., 2012 ).
An eye-tracking study revealed that cognitively normal human participants made relatively more within-object saccades, with longer fixations, during discrimination of high ambiguity objects relative to low ambiguity object and size discriminations. This finding supports the contention that the high ambiguity discriminations are being solved by comparing the objects as wholes, rather than by the serial comparison of individual features, which would produce relatively more between-object saccades. This provides critical empirical information about the strategy being used to solve this task, an important consideration in making inferences about the cognitive processes that are engaged (see Suzuki and Baxter, 2009 ). An fMRI study using the same design revealed a critical interaction between stimulus type, difficulty, and brain region of BOLD activity, demonstrating a selective activation within perirhinal cortex for discrimination of high ambiguity objects. These findings, taken together, implicate the perirhinal cortex in processing of high ambiguity objects in this perceptual task. They form a baseline for the use of this paradigm in probing perceptual abilities of individuals with amnesia.
Six amnesic patients were tested in this same-different discrimination task, four with damage limited to the hippocampus and two with more extensive lesions of the MTL, including the perirhinal cortex.
The extent of brain damage in these patients has been extensively characterized to exclude possible alternative explanations of their deficits. The amnesic patients with MTL damage, but not those with restricted hippocampal damage, were impaired in the high ambiguity object discriminations, but not in low ambiguity object discriminations or size discriminations (whether easy or hard). These observations are consistent with perceptual deficits in patients with amnesia following MTL damage and focus attention on the perirhinal cortex as the critical locus for these deficits when considered alongside the fMRI study in control subjects. It is important to emphasize that the perceptual deficits in these patients are not general in nature. These individuals are perfectly capable of making same-different judgments on the same kinds of objects, as long as they do not have many overlapping features. The representational-hierarchical view predicts perceptual deficits following perirhinal cortex damage only when feature ambiguity is high, which is precisely what is observed in this study (as well as in other studies that have identified perceptual deficits in patients with MTL damage, e.g., Barense et al., 2005; Lee et al., 2005) . Thus, MTL structures are important for perception, even though patients with MTL amnesia do not have global visual agnosia. Patients demonstrate preserved performance on difficult perceptual tasks that do not specifically tax the resolution of feature ambiguity (see Baxter, 2009 ).
In fact, it turns out that the patients with MTL amnesia can make same-different perceptual judgments even for high ambiguity objects, under a particular set of circumstances. Barense et al. (2012) noted that the performance of their MTL amnesics on high ambiguity discriminations was normal during the beginning of the block, but then deteriorated dramatically. This is not a fatigue effect, because it is not present in the equally challenging difficult size discriminations. They hypothesized, based on the representationalhierarchical model, that the perceptual failure in their MTL amnesics was due to the accumulation of interfering visual information at earlier levels of the ventral visual stream. As neural nodes that represent isolated features are repeatedly activated, all of the features become familiar and discrimination performance can only be accomplished based on conjunctions of features-which requires the perirhinal cortex. This makes a specific prediction: interspersing discriminations of visually dissimilar objects between the high ambiguity discriminations should reduce interference in the ventral visual stream and restore perceptual ability. Barense et al. (2012) retested their amnesic subjects with blocks of discrimination problems configured to induce high or low degrees of interference between high ambiguity discrimination problems (Figure 1 ) to test this prediction. They found precisely the expected result: perceptual performance in the MTL amnesics deteriorated in the high interference block but was normal in the low interference blocks given before and after.
This remarkable finding shows that experimentally reducing interference recovers patient performance to normal levels. Therefore, intact memory for irrelevant, lower-level features processed on previous trials can impair perception in individuals with memory disorders. This supports the representational-hierarchical view, that representations for memory and perception are shared and Same-different judgments of high ambiguity objects (indicated by the red boxes) are embedded between discriminations of visually dissimilar objects (as in low interference blocks 1 and 2) or discriminations of additional high ambiguity objects (high interference block). This allowed Barense et al. (2012) to determine whether the nature of the intervening stimuli affected performance. Patients with amnesia due to MTL damage, including the perirhinal cortex, showed poor discrimination of high-ambiguity stimuli in the high interference block, but not in the preceding and following low interference blocks.
are especially critical when the capacity of lower-level ventral visual stream regions is exceeded by repeating features. Moreover, the finding that intact visual memory impairs visual perception in individuals with MTL amnesia is fundamentally incompatible with the notion of a specialized MTL memory system. This view does not allow for the presence of visual, declarative memories outside of the MTL, whereas the current findings clearly show that such memories are present and can interfere with perceptual processes that depend on structures located within the MTL.
The notion that overload of ventral visual stream structures with interfering information gives rise to perceptual, and perhaps memory (McTighe et al., 2010) , impairments in amnesia has some intriguing implications for cognitive rehabilitation. For instance, individuals with amnesia may function better in environments that are designed to reduce interfering sensory information. The effects of environmental features, including ''sensory comprehension,'' which includes meaningful and discriminable sensory input, on behavioral outcomes in patients in Alzheimer's special care units has been reported (Zeisel et al., 2003) . The present data suggest a mechanism by which environmental design may enhance the ability of these individuals to function effectively.
An as yet unanswered question concerns the nature of the memory deficits in individuals with selective hippocampal damage, who discriminate high ambiguity objects normally even under high interference conditions and yet still have severe amnesia. The resolution of this question will require further research, but the representational-hierarchical view posits that the function of the hippocampus can be understood in the same context as that of the perirhinal cortex. The hippocampus, at a higher level of the hierarchy, represents objects (conjunctions of features) within spatial and temporal contexts (scenes and discrete events) (Murray et al., 2007) . This is congruent with scene perception deficits in amnesic patients with selective hippocampal damage (Graham et al., 2006; Lee et al., 2005) . For these patients, the intact ability to recognize even highly feature-ambiguous objects that have been encountered before is not helpful without the capacity to place these objects at specific places and times. This may also partially reflect the remarkable sparing of some complex cognitive abilities, including semantic memory, in amnesic individuals who sustained hippocampal damage early in life (Vargha-Khadem et al., 1997) . These developmental amnesics never came to rely on representations of discrete events, differentiated by place and time, to organize their memories, unlike people that sustain hippocampal damage later in life. This may suggest interesting possibilities for cognitive rehabilitation in people with selective hippocampal damage, by teaching them to attend to individual key objects in their environment rather than the layout of scenes as a whole.
This fascinating and creative study has implications not just for the cognitive neuroscience of memory, but also for understanding clinical disorders of memory as well as the significance of physiological processes within the MTL. It is worth noting in closing that much of the recent research on the representationalhierarchical view has sprung from the convergence of computational modeling, experimental ablation studies in animals, and neuropsychological studies of humans with focal brain damage and with neurological diseases (Baxter, 2009; Bussey and Saksida, 2002; Cowell et al., 2006; Suzuki, 2009 ). This illustrates the power and promise of translational neuroscience research in behavioral and cognitive neuroscience to bring new understanding of the fundamental nature of disorders of human cognition. It will be exciting to see how this work moves forward in developing new ways to improve the quality of life for individuals with devastating memory disorders.
